. Scanning electron micrographs of the 500 nm-diameter cylindrical post arrays with post spacings of (a) 0.4 µm, (b) 0.8 µm, and (c) 1.0 µm. S denotes the spacing between posts while P denotes the diagonal of the square post array.
B. Dynamic Differential Microscopy
In differential dynamic microscopy, developed by Cerbino and coworkers 2, 3 a time series of optical microscopy images is analyzed in Fourier space; this method can quantify the dynamics of particles that are too small to be directly resolved by an optical microscope. Differential images were obtained by subtracting microscopy images taken at a fixed time interval Δt. This subtraction eliminated any time-independent signals and revealed a small-scale signal associated with the motion of the particles. The intensity of this signal increased with Δt:
D(x,y;Δt) = I(x,y;t + Δt) − I(x,y;t) （1）
where I(x,y;t) is the intensity at position (x,y) measured at time t. A 2D fast Fourier transform of the differential images was performed to obtain the Fourier power spectrum, D(u x ,u y ;Δt). If the dynamics are isotropic, the 2-D power spectrum can be azimuthally averaged to obtain the image structure function, D(q, Δt), where = 2 + . To determine whether the dynamics were isotropic, azimuthal averaging was done along arc lengths of ±15° orientated parallel to and perpendicular to the nanoposts, as shown in Figures S.2 -S.4. The excellent agreement between all image structure functions confirmed that the dynamics of nanoparticles in these arrays were isotropic. 
（2）
where A(q) is the signal prefactor, which depends on the scattering properties of the particles, the light source and the system optics; B(q) is the background noise of the system; and τ(q) is the qdependent relaxation time. Non-linear least-squares fitting was performed using the Levenberg- The dynamics of particles diffusing in confined nanopost arrays, however, cannot be fitted using Equation 2. Instead, these dynamics were fitted using a stretched exponential model, 
（3）
where r(q) is the stretching exponent.
We found that r(q) was nearly independent of q at wave vectors below 2 µm -1 . At higher wave vectors, r(q) decreased as q was increased. To test the robustness of the fitting equation, the ISFs of nanoparticles diffusing in nanoposts were fitted multiple times with different parameters.
The first fitting allowed r(q) to vary from 0 to 1 and an average value was obtained from the low q-range where r(q) is nearly constant. The ISFs were fitted again with this average r(q). Figures S11 -S17 show the ISFs of nanoparticles at different wave vectors fitted using different values of r(q).
The ISFs of 400 nm particles diffusing in post arrays with S=1 µm were fitted using an r(q) of 0.92 from wave vectors 0.5 to 2.0 µm -1 . At q = 2.5 µm -1 , r(q) decreased to 0.83 and further decreased to 0.77 at q = 3.0 µm -1 ( Figure S11 ). We observed that r(q) had a significant effect on fitting at q values less than 2 µm -1 . Figure S12 shows that 400 nm particles diffusing in post arrays with S=0.8 µm follow the same trend. For 300 nm particles diffusing in post arrays with S=1 µm, an average r(q) value of 0.92 was extracted from the ISFs from wave vectors 0.5 to 2 µm -1 . Above that range the r(q) values decreased as q increased until a r(q) of 0.63 was derived from q = 3 µm -1 . Figure S13 shows that changing the r(q) value had a significant effect on the ISF fitting over the q range of 0.5 -3 µm -1 . As shown in Figures S14 and S15, this was not the case for 300 nm particles diffusing in post 12 arrays with S=0.8 and 0.4 µm, respectively. In those systems, the fitting was sensitive to r(q) at wave vectors less than 2 µm -1 , but became less sensitive at higher wave vectors. Table S1 . Wave vector q at which the stretching exponent r(q) begins to deviate from its small-q average for the different particle sizes and post spacings investigated in this study.
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q value for which < . Table S1 shows the approximate wave vector at which r(q) (Figure 4 in the main manuscript) begins to deviate from the average value ( ) . For the different post spacings explored in this study and for the two sizes of particles for which we observe a deviation, the deviation wave vector ranges from 2.0 -2.6 µm -1 , corresponding to length scales of 2.4 -3.1 µm. Given the limited range of data, no systematic understanding is possible.
The relaxation time τ(q) did not significantly depend on the value of r(q) used to fit the ISFs. Figures S18 -S21 show that fixing r(q) to its average value or allowing r(q) to vary produced fits with equivalent τ(q) values within the errors associated with the measurements. Particle trajectories obtained using a single particle-tracking (SPT) algorithm were analyzed to validate the diffusivities obtained using DDM. Centroids were located to within 40 nm and particle positions were linked into trajectories. The mean square displacement (MSD) of the particles was calculated from the trajectories using Equation 4 and the probability distributions of particle displacements were computed using Equation 5.
( ) Here C 1 and C 2 are prefactors and g(Δt) and λ are the decay lengths for stretched and simple Gaussians, respectively. In our previous study, we found that the displacement distributions for nanoparticles deviated from a simple Gaussian and were instead fitted with a sum of a simple and stretched Gaussian model. 4 To fit these distributions, β was set to 2r(q) (derived from DDM) and λ was set to a constant width.
The MSD of the 400 nm particles diffusing freely and through the nanopost arrays are shown in Figure S21 . The MSDs exhibited the same trend with increasing confinement, consistent with the slowing of dynamics observed in DDM. The diffusion coefficients extracted from the MSD were identical to those obtained using DDM within the errors of each measurement, as shown in Table S1 . The one-dimensional distributions of displacements (G s (Δx, Δt)) fitted to Equation 5 are shown in Figure S22 . The decay lengths extracted from the fits decreased as particles were increasingly confined, as shown in Figure S23 . This decay length represented the average characteristic length scale of the processes contributing to the stretched Gaussian distribution.
The relative decay lengths (γ/ γ 0 ), where γ 0 is the decay length of freely diffusing particles, are shown in Table S2 . Table S2 . Relative diffusivities, stretching exponents, and relative decay lengths of 400 nm particles diffusing through post arrays measured using DDM and using particle tracking. 
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